Abstract: The purpose of this study was to assess the impact of self-reported job stress on menstrual patterns among nurses. We conducted a cross-sectional survey of nursing staff from five psychiatric institutions and four general hospitals in Taiwan. A total of 746 participants were eligible for the final analysis, among whom, 72.3% were ascertained as having a self-perceived high level of job stress. Self-perceived high job stress was significantly associated with irregular menstrual cycles [Adjusted odds ratio (AOR): 4.8, 95% confidence interval (CI): 3.3-7.2] and longer menstrual bleeding periods (more than 7 d) [AOR: 2.5, 95% CI: 1.7-3.7], but was not significantly related to long or short menstrual cycles. Overall, this study suggests that nurses' self-perceived job stress may be associated with certain aspects of menstrual dysfunction. Further investigations with prospective follow-up studies and urine hormonal measurements are now recommended to provide additional insight into the pathophysiological mechanisms of our findings.
Introduction
Occupational psychological stress has significant impact on workers' health and has subsequently attracted serious attention by researchers in Europe, America and Japan 1) . The proportion of females in the Taiwanese labor market increased from 33.3% in 1981 to 48.1% in 2005 2) . A nationwide survey of employees in this country has previously identified an increasingly high level of self-perceived job stress, from 6.5% in 1994 to 13 .5% in 2001, among female workers 3, 4) . In a survey of nurses from Taiwanese psychiatric institutions in 2001, 17.2% reported being always or frequently under stress at work 5) . These findings indicate that the nursing profession in Taiwan, which remains essentially a female-dominated profession, may lead to a high level of stress in female workers when compared with other occupational groups. Furthermore, nurses in Taiwan are mostly of reproductive age 6, 7) .
International research has demonstrated a significant relationship between occupational stress and its influences on the function of endocrine and reproductive health [8] [9] [10] [11] . Consequently, it may further lead to anovulation, amenorrhea, changes in menstrual cycles, and even affect fecundability [12] [13] [14] [15] . To date however, studies on the relationships between job stress, female workers' menstrual cycle change and fecundability are relatively rare in Taiwan. Investigation of the impacts of job stress on the change of menstrual patterns can help provide a better understanding of reproductive health among women. We therefore conducted a cross-sectional investigation to determine whether menstrual irregularity and abnormality were related to self-perceived work stress among nurses.
Materials and Methods
The targeted research population were nursing staff employed by five psychiatric hospitals and four general hospitals in Taiwan. The inclusion criteria were: 1) being Industrial Health 2007, 45, [709] [710] [711] [712] [713] [714] female and aged 20 to 45 yr old; and 2) having worked for at least three months. Data were collected using a structured self-administered questionnaire. The Chinese Job Content Questionnaire (JCQ) 15) (translated from The Job Content Questionnaire) 16, 17) was adapted for assessing psychosocial work conditions. A focus group consisting of ten clinical nursing staff was held to ensure the appropriateness of the questionnaire describing job characteristics, job stress and menstrual patterns. Information on their menstrual patterns during the past 12 months was also requested from participants.
The assessment of menstrual patterns included the following: (1) the definition of menstrual cycle length (being the time from the first day of menstrual bleeding to the first day of the next menstrual bleeding), (2) the definition of menstrual cycle regularity (the difference between the longest and shortest menstrual cycles), and (3) the length of menstruation (time from the first day of menstrual bleeding to the cessation of menstrual bleeding). The questionnaire included four aspects: demographics, personal work situation and work history, self-perception about work, and menstrual patterns assessment. As for self-perceived stress related to work (independent variable), a four-point Likert scale was adapted, i.e. "totally disagree", "disagree", "agree" and "totally agree". As for self-perceived job stress, the question "generally speaking, I feel stressed from work" was used. Self-perceived job stress was defined as answering "strongly agree" or "agree" to the following question "Generally, I feel that my job is stressful".
The test-retest reliability (two weeks between the pretest and posttest) of Kappa value of agreement was 0.6 for the items evaluating "self-perceived job stress" (a total of 23 items, including "I have control on how to perform my tasks at work", "I have sufficient time to finish my tasks at work", "I am very busy at work", "I need to handle many things at the same time", "I am overloaded due to staff shortages", "I feel insecure about my job (including salary and status)", "I feel the job promotion system is unfair", "my colleagues would help me out if needed", "I get along with my colleagues", etc.). The test-retest Pearson correlation (pvalue) of "menstrual cycle length" was 0.8 (p<0.001). The total score of content validity index (CVI) of this questionnaire was 0.9.
JMP statistical software (version 4.04) was used for data analysis. T-test and one way ANOVA were used to examine the mean difference in scales of nursing staff for both the psychiatric and general hospitals. Factor analysis was used for the construct validity of the self-perceived job stress scale. As the nursing staff of two different groups (psychiatric and general hospitals) did not have significant differences in the patterns of menstrual changes relating to job stress level, no further individual analysis was performed for either group.
Results
A total of 1,157 questionnaires were distributed and 907 returned (78.3% response rate); 460 from psychiatric hospitals (85.8% response rate) and 447 from general hospitals (72.0% response rate). For the purposes of investigation on reproductive health outcomes, we excluded the following individuals from the analysis: (1) those younger than 20 yr or those older than 45 yr, (2) those who reported a history of thyroid diseases, (3) those with a menstrual cycle length of 45 d or longer; and (4) those with a working tenure less than 3 months. After exclusions, this left 746 eligible questionnaires for the final analysis. The mean age of participants was 29.6 and over half of them were between 25 and 35 yr old. The mean length of employment was 7.5 yr, while the average working hours per week was 41.3 h ( Table 1) . As for educational levels, most had an associate degree from college (69.0%), while the rest were bachelor degree holders. Most of the participants were unmarried (42.2%; n=315), and 35.3% had a history of pregnancy. The majority of participants (70.0%) were undertaking irregular shift work at the time of the survey. With regard to the question: "generally speaking, I feel stressed from work", 539 (72.3%) nursing staff strongly agree with this description, while the rest (207, 27.8%) somewhat agree.
The menstrual patterns of the participants are shown in Table 2 , and 13.7% (n=102) reported of having a menstrual cycle greater than 35 d, while the remainder 0.3% (n=20) had a shorter cycle of less than 24 d. Nearly half (43.3%, n=323) the participant nurses had poorly regulated menstrual cycles with more than 7 d between their longest and shortest period length, and a total of 252 (33.8%) nurses having an average menstruation length of longer than 7 d. Due to the possibility that oral contraceptives could have affected menstruation 18) , the data were reanalyzed with nurses currently taking oral contraceptives (n=2) being excluded. After doing so however, our results were essentially the same (data not shown).
Risk factors (hereby indicated as odds ratios) for menstruation problems were evaluated using a logistic regression model, as shown in Table 3 . A nurse's menstrual cycle was considered to be abnormal if it was shorter than 24 d or longer than 35 d. Demographic variables for logistic regression analysis included: the level of self-perceived job stress, age, body mass index (BMI), marital status, history of pregnancy, length of employment, and average work hours per week. A high level of self-perceived job stress was significantly associated with irregularity of the menstrual cycle (the difference between longest and shortest cycles were 7 d or longer) 19 patterns. However, being single, never having been pregnant and being employed for less than 5 yr was statistically associated with having a longer and irregular menstrual cycle (Table 3 ). In addition, nurses who worked over 40 h per week were more likely to have experienced an irregular menstrual cycle (OR: 1.5, 95%CI: 1.1-2.1, p=0.029).
After adjusting for self-perceieved job stress, age, BMI, marital status, pregnancy history, employment and work hours, only those who perceived a high level of job stress had a statistically significant risk of irregular menstrual cycles (AOR: 4.8, 95%CI: 3.3-7.2, p<0.001) and having a longer menstrual bleeding period (AOR: 2.5, 95%CI: 1.7-3.7, p<0.001) ( Table 4) .
Discussion
The demographic and work characteristics of our study participants were similar to the current situation known to exist within the nursing profession of Taiwan [20] [21] [22] . As for the level of self-perceived job stress assessment ("generally speaking, I feel stressed from work"), nearly three quarters Industrial Health 2007, 45, [709] [710] [711] [712] [713] [714] (72.3%) of the participants strongly agreed with this description, indicating a higher prevalence of job stress in nurses when compared with other domestic, female work groups 3, 4) . With regard to the nurses' menstrual cycle, length of menstruation and the regularity of the general population, there is currently no published information available from domestic studies in Taiwan. Nonetheless, nurses appear to have longer menstruation days (>7 d) when compared with other female work groups. This phenomenon, to some extent, may indicate that a high level of self-perceived job stress is statistically associated with menstruation problems in female workers, regardless of their job characteristics.
Previous studies have reported that job stress may interfere with endocrine function and biological rhythms, possibly leading to irregular menstrual cycles, change of bleeding and abnormal menstrual patterns 11, 14, [22] [23] [24] [25] [26] . Although our study identified a strong correlation between self-reported job stress and changes in menstrual patterns, we were unable to examine biological changes using a laboratory measure. Many different criteria have been previously used for measuring irregular menstrual cycles, and we adopted the methods of Smith-DiJulio and coworkers 19) , who defined menstrual irregularity as having more than six days difference between any two consecutive menstrual cycles in the reference year.
Single and unmarried participants were more likely to have abnormal menstrual cycles when compared to married ones, and this finding is consistent with other studies. Being married may provide more support systems, thereby releasing some job stress 21, 27, 28) . Job stress may subsequently be reduced and thereby positively influence the regularity of menstrual cycles. In our current study, there were some confounding factors that were not investigated, including the use of contraceptives and progestin (due to a lack of detailed data in recent years). Some researchers have argued that consuming raw and cold food might have an impact on menstrual patterns 11, 28) , although our investigation did not specifically investigate these factors. Again, as mentioned above, we were unable to measure biological impacts in the current investigation. Nevertheless, further research is strongly recommended to combine both retrospective and laboratory measures for a better explanation of such phenomenon. Oral contraceptives are known to affect the length and regularity of menstrual cycles, and some are believed to affect hypothalamus-pituitary-adrenal responses to psychosocial stress 18) . However, due to the low number of participants in this study currently taking oral contraceptives (n=2), when our data was reanalyzed with those participants excluded, the results were essentially the same.
This research identified a strong relationship between nurses' job stress and changes in their menstrual patterns. As female menstrual patterns are considered to be associated with reproductive health, the impacts of job stress on nurses' reproductive health warrants further investigation. In addition, an investigation of urine levels of hormone metabolites, such as estradiol, progesterone, etc. would be useful in providing more detailed information on physiological changes, including perhaps the exact date of ovulation, all of which are important biomarkers of female fecundability 24, 28) . There are certain limitations of this study, which include the following: (1) the investigation was a cross-sectional survey, and thus relies on the women's recall, and (2) as the investigation was cross-sectional, definitive causal relationships could not be ascertained. For example, menstrual problems might have caused low job performances, which consequently lead to a high level of self-perceived job stress. A prospective study with early job stress assessment, followed by the recording of a menstrual diary with daily urine hormone measurements for 3-6 months would be a useful step in future research. Nevertheless, cross-sectional research is generally more feasible and elicits greater cooperation from nurses in Taiwan, as elsewhere. With the findings of this current investigation, further cooperation from Taiwanese nurses will be more likely in future, and detailed hormonal measurements may then be possible.
Conclusion
Overall, this study suggests that nurses' self-perceived job stress may be associated with certain aspects of menstrual dysfunction. The level of self-perceived job stress was associated with a risk of irregularity in menstrual cycles and a risk of prolonged menstrual bleeding periods. Further investigations with prospective follow-up studies and urine hormonal measurements are now recommended to provide additional insight into the pathophysiological mechanisms of our findings.
